Manual work involving vibrating power tools is associated with symptoms that include vascular, neurological and musculoskeletal disorders. This study examines the vibration exposure of welders to determine the change between 1987 and 2008. Vibration measurements on handheld tools were used to evaluate the acceleration and the daily exposure time was determined by subjective rating. From these data, the 8-hour equivalent vibration exposure A(8), has been calculated. During the period, the A(8) decreased from 3.9 m/s 2 to 1.9 m/s 2 . It was concluded that this decrease is the result of fewer vibrating tools and a decrease in daily exposure time. Although the daily vibration exposure has decreased over the study time, for some welders the daily vibration exposure A(8) is still above the action value set by the EU directive on vibration. This means more effort should be spent to decrease vibration exposure.
vibration exposure also depend on the daily exposure time, exposure is assessed by calculating the daily energy equivalent exposure value normalised to an eight hour reference period, A (8) , of the frequency-weighted acceleration values (1) . (1) where A(8) = 8-hour equivalent acceleration [m/s 2 ]; A(i) = vector sum of the measured acceleration [m/s 2 ] and T i = duration of the acceleration A(i) [h] .
The introduction of the European Machinery Directive [3] in 1989 high-lighted the need for hand-held tools to be designed and constructed in such a way that risks resulting from vibration are reduced to the lowest level. Moreover, the implementation of the European directive for hand-arm vibration [4] emphasized the effects on health of vibration resulting from vibrating machinery. The directive sets two limits: one exposure action value and one exposure limit value. If the action value is exceeded, the employer should establish and implement a programme of technical and/or organisational measures to minimize the vibration exposure. The workers shall in no cases be exposed to vibration above the exposure limit value. For hand-arm vibration, the exposure limit value, A (8) , is 5 m/s 2 and the action value, A(8), is 2.5 m/s 2 .
Welder's exposure to vibration from hand-held vibrating tools has been studied in several investigations [5, 6] and the results show that they could be exposed to both high acceleration magnitude as well as long daily exposure times. This has also resulted in a high prevalence of vibration related diseases [7, 8] . However, few studies have followed the change of the vibration exposure over time at the same work place with employees doing the same job.
This investigation studies the vibration exposure for welders who work in a heavy engineering production workshop to determine the change over time.
METHODS
The studied cohort has been described earlier [8, 9] . In this study only the welders in the cohort have been investigated. The group of welders was employed in the heavy engineering production workshop that makes paper and pulp-mill machinery. The work task consisted mainly of welding iron and stainless steel that requires working with several hand-held vibrating tools. The production is varied and each component is produced in small numbers. The study started in 1987 and was followed up in 1992, 1997 and 2008. The criteria for inclusion were workers employed as welders (job title criteria) and actually working as such (work criteria). In 1987, 64 welders were included and for the follow up 59, 50 and 33 welders, respectively. Of the 64 welders included in 1987, 18 were followed up in 2008 (Table I ). The mean age for all the welders increased from 31.3 years in 1987 to 45.3 years in 2008 (Table I ). The mean age increased by about 18 years for the welders that participated in 1987 and were followed up in 2008.
Table I.
Mean age of subjects (y) in the study population for the different investigation years. The standard deviations are in round brackets and the number of subjects followed up in square brackets.
The assessment of vibration exposure was made under normal working conditions with standardised equipment and methods [10] by measuring the intensity of vibration on a random selection of the tools used by the welders in 
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accordance with international standards [1, 2] . The total number of tools included in the study was 306 and during each investigation period the quantity varied between 50% and 90% of the total number of tools used in the workshop. For hand-held tools with two handles, measurements were made on both handles and the highest measured vibration intensity was used in the analysis.
The subjective assessments of daily exposure time were collected by questionnaire during the health surveillances that were conducted at the same time as the technical measurements. In the questionnaire, welders were asked to estimate the amount of time (minutes per day) they were exposed to vibration while using the different types of hand-held vibrating tools during their last working day.
One-way ANOVA and repeated measures one-way ANOVA were used to test for a difference between the means of the variables. A p-value of less than 0.05 was taken as significant. All statistical analyses were performed with the statistical software package SPSS version 16.0 (SPSS, Chicago, Illinois, USA).
RESULTS
The results from the measurements of the frequency weighted acceleration (m/s 2 ) for the different hand-held tools and investigation years are presented in Table II . The category "Others" include drills, tappers and die grinders.
Table II
Measured mean value and standard deviation of the frequency-weighted acceleration (m/s 2 ) for the different tools and investigation years. The standard deviations are in round brackets and the number of tools in square brackets.
The measured mean frequency-weighted acceleration for the grinders varied during the different investigation years between 4.5 and 5.8 m/s 2 and for the hammers between 7.6 and 13.5 m/s 2 . For the tools in the category "Others" the mean acceleration varied between 4.0 and 6.5 m/s 2 . Statistical analysis shows that the change in the frequency-weighted acceleration is significant (p<0.001) for the hammers at the follow-up in 2008 compared to the other years. The variations for the rest of the tools were not significant. Table III shows the mean subjective assessment of the daily exposure time for the different years investigated. For all the investigation periods, grinders were used between 32 and 62 min per day and hammers between 14 and 42 min per day. Tools within the category "Others" were used between 1 and 4 min per day. The total daily exposure time for all vibrating tools varies between 52 min to 108 min per day. The change in the exposure time is significant for the use of the hammers and for the total daily use of hand-held tools (p=0.026, p=0.042, respectively) when comparing the results from 1987 with 2008. The changes in the exposure time for the other tools are not significant. Table IV summaries the total daily exposure time for the different years investigated. For the welders included in 1987 the total daily exposure time has decreased from 108 min in 1987 to 30 min in 2008.. the total daily exposure time is significant lower for all the welders that were followed-up in 2008 (0.010<p<0.026). The other changes of the total exposure time over the years were not significant. Moreover, a more detailed statistical analysis shows that the nine welders who started their employment after 1997 have a significantly (p<0.001) longer total exposure time compared to the other welders (113.8 min vs. 28.4 min). Table V shows the total frequency-weighted equivalent acceleration for eight hours calculated in accordance with the EU directive. The frequency-weighted energy-equivalent acceleration for eight hours decreased from 3.9 m/s 2 in 1987 to 1.9 m/s 2 in 2008. The decrease is also significant (p<0.001) and correspond to a decrease by 9.5% per year. For the welders included in 1987, the A (8) 
Table V
Mean value (M) and standard deviation (SD) for calculated 8-hour energy-equivalent acceleration (m/s 2 ) for the different investigation periods.
DISCUSSION
This study shows that the mean vibration load among the group of studied welders decreased over a 21-year period, both expressed as the vibration acceleration and exposure time. The welders' exposure to vibration is primarily from the use of grinders and hammers. These two types of tools correspond to 96 to 98% of the total daily use of hand-held tools. During this period, the tool acceleration decreased for more than 20% for the grinders and 30% for the hammers. At the same time, the exposure times for these tools decreased by about 50%. The decrease in both the magnitude of the acceleration and the exposure time resulted in the welders' vibration load decreasing by about 50%, described as the 8-hour energy equivalent -A (8) . The measured vibration magnitude show that grinders have a larger variability in measured magnitudes compared to hammers. Grinders include many models and tools from different manufacturers while the tools in the hammer category are more or less of the same type. Moreover, the grinders are equipped with a variety of different grinding wheels (flap discs, cut-off wheels, grindstones, etc.) that influence the vibration level. Although the average magnitude measured for each tool is representative of the typical use of the hand-held power tool, the result depends on the welder's actual task. Furthermore, the measurement of the tool acceleration was conducted on a random selection of tools used by the welders. Therefore, the results should be interpreted carefully since the vibration magnitude only reflects the situation during the measurements.
The changes in the vibration magnitudes over time depend on the chosen tools. During the investigation, many tools were replaced with newer ones. For every 5year period, between 50 and 65% of the tools were replaced and for every 10-year period 60 to 90% were replaced. Over the 21 years, 95% of the tools were replaced. The most frequently used tools used by welders -grinders and hammers -were replaced. Tools such as drills and thread tappers are less frequently replaced. The result shows that the vibration magnitudes were more or less the same for the measurements conducted in 1987 and 1992. After that the magnitudes for the grinders and hammers decreased. However, the decrease was only significant for the hammers at the follow-up in 2008 compared to the other years.
In this investigation, the welders' daily exposure times were subjectively assessed and the large standard deviation indicates that the precision of the average duration of exposure is rather low. The large variation is probably due to the diversified work as well as the question used for assessing the exposure time. Palmer et al found that worker estimates of the durations of daily exposures to handtransmitted vibration tend to be greater than found by observation of tool users [11] . However, an earlier investigation of the same group of welders showed that the same tendency of large individual deviation and evidence for a good agreement between self-reported and measured exposure time on a group basis [12] .
During the 21-year period, the frequency-weighted energy-equivalent acceleration for a period of 8-hours decreased from 3.9 m/s 2 in1987 to 1.9 m/s 2 2008. This decrease is also statistically significant. . The relation establish for calculating A(8) (Equation 1) suggests that vibration magnitude has greater impact than the duration of exposure. For example, if the magnitude is halved, the A(8) is reduced by 50%; if the exposure time is halved, the A(8) is reduced by only 30%. For the welders in this study, the halved exposure time had a greater impact on the A(8) compared to the corresponding reduction (about 20%) of the vibration magnitudes. Looking at the welders who have been followed since 1987, the A(8) decreased by 65% in 2008 compared with the average decrease of 50%. This difference could be interpreted that welders with a longer period of employment have received work that includes less use of vibrating hand-held tools. However, this tendency is only statistically significant at the follow-up in 2008. Therefore, the changes seem to more relate to the job title than to the period of employment. The general change in "job title" exposure has also been found in others studies. For example, Suttinen et al. [13] found that among forestry workers both the exposure time and the vibration acceleration decreased over a 20-year period resulting in a decrease of the A(8) from 5.1 m/s 2 to 1.5 m/s 2 .
The decreased vibration load, expressed as the A98), among the welders could be because the investigation increased the company's awareness of the exposure to vibration.
Over the years, the company have replaced many tools with newer less vibrating ones as well as introduced regular maintenance for the hand-held tools and settled purchase routines for both grinding discs and chisels. Moreover, better design of the products has lead to less surface finishing and changes in the welding process have reduced the need for chiselling of the weld pool. Furthermore, the results also indicate that the manufacturers of the tools have succeeded in meeting the demands to reduce the vibration emissions of tools. This trend has also been noticed in others studies [14] . For the welders the present mean 8-hour energy equivalent acceleration was found to be 1.9 m/s 2 . This value is below the action limit value stated in the EU directive on vibration but the variation is large and some workers are still exposed to A(8) that exceeds the action value. For this reason more effort should be spent to decrease vibration exposure. Since the use of the hammers has 30% greater impact on the A(8) compared to the grinders, it is most important to reduce the use of the hammers.
CONCLUSIONS
Regular surveillances of exposure and health have significantly reduced the welders exposure to vibration and thereby their risk for vibration related injuries. Notwithstanding that the vibration exposure among the welders has decreased over the study time, for some welders the daily vibration exposure A(8) is still above the exposure action value. For this reason, more effort should be spent to decrease vibration exposure.
